Abstract. The effects of substituting fishmeal (FM) with different quantities of silkworm pupae (SP) on the growth, survival, and body composition of rainbow trout, Oncorhynchus mykiss (Walbaum), were investigated over the course of a 60-day experiment. A total of 360 fingerlings (55±3.42 g) were randomly allotted to four treatment groups (T1 -fish fed 52.5% FM; T2 -fish fed 5% SP + 47.5% FM; T3 -fish fed 10 % SP+ 42.5% FM; T4 -fish fed 15% SP + 37.5% FM). Each treatment group was divided into three replicates of 30 fish per replicate. One group served as the control. At the end of the experiment, the results showed that 10% of FM can be replaced with SP without any adverse effects on the values of the feed conversion ratio (FCR), specific growth rate (SGR), weight gain percent (WG), condition factor (CF), survival rate (SR), protein content, lipid content, or nutrition protein utilization (NPU).
Introduction
Rainbow trout, Oncorhynchus mykiss (Walbaum) is one of the most widely cultured species in world, including in Iran. Demand for commercial diets has increased because of the rapid expansion of rainbow trout culture in several parts of Iran. Presently, FM is used widely as an integral part of commercial diets to meet the protein requirements of cultured rainbow trout. Nevertheless, FM is very expensive, and it increases the costs of rainbow trout aquaculture. During the past decades, numerous attempts have been made to substitute FM with other inexpensive protein sources. These have included soybeans (Oliva-Teles et al. 1994 , Kaushik et al. 1995 , maize gluten meal (Wu et al. 1995) , lupins (Fontainhas-Fernandes et al. 1999) , rapeseed (Davies et al. 1990 ), cottonseed meal (Rinchard et al. 2002) , corn gluten (Jahanbakhshi et al. 2012) , and canola meal (Thiessen et al. 2004 , Abbas et al. 2008 . In addition to these sources, SP has been found to be one of the best substitutes for FM in the diets of some cultured fish species, especially carps (Nandeesha et al. 1999 , Nandeesha et al. 2000 , Rangacharyulu et al. 2003 . These studies have reported that dietary FM could be replaced with various quantities of SP without adverse effects on growth or survival parameters. To our knowledge, there is no information about the possibility of replacing FM with SP as a protein source in the rainbow trout diet. Thus, the aim of this study was to examine the effects different quantities of SP as a constituent protein source had on growth, survival, and body composition of rainbow trout. This study could be useful in designating a cost-effective protein source for rainbow trout.
Material and methods
The experiment was carried out for a period of 60 days at the Cold-Water Fisheries Research Center in Tonekabon, Iran. A total of 360 rainbow trout fingerlings (55 ± 3.42 g) were randomly allotted to four treatment groups with three replicates of 30 fish per replicate: T1 -52.5% FM; T2 -5% SP + 47.5% FM; T3 -10% SP+ 42.5% FM; T4 -15% SP + 37.5% FM. The fingerlings were stocked into 300 L polyethylene tanks at a stocking rate of 30 fish per tank. During the experiment, the water temperature was 16-18°C, dissolved oxygen was 8-9 mg L -1 , and pH was 7.3-7.5. The experimental diet was prepared according to National Research Council recommendations for rainbow trout (Table 1) . To prepare the experimental diet, first, all of the ingredients were pulverized and then mixed to homogenize. After this, the homogenized ingredients were mixed again with some 80°C water for 30 min to prepare the feed for shaping. Finally, dry pellets 3.5 mm in diameter were made by a pelleting machine. A feeding ration of 2.3% kg body weight -1 was determined for daily feeding based on a standard feeding schedule.
The fish were fed three times per day. To investigate the growth and survival of fish and also to determine feeding ration, biometric measurements were recorded 6 times at 10-day intervals throughout the experiment. Each time, 10 fish were captured randomly and parameters including specific growth rate (SGR), weight gain percent (WG), condition factor (CF), feed conversion ratio (FCR), and survival rate (SR) were calculated (Lagler et al. 1962 , Helland et al. 1996 , Ghosh et al. 2003 
Body composition assays
After 60 days of the experiment, 9 fish from each treatment were selected randomly for body composition analysis, which was carried out according to 54 Matin Shakoori et al. procedures described by AOAC (1995). Moisture was determined by drying samples at 105°C to a constant weight; total crude protein with the Kjeldahl method and a multiplier of 6.25; lipid content with the Soxhlet method with petroleum ether as the solvent for 8h; total ash content was measured by mineralizing samples at a temperature of 550°C for 8 hours (Linn Electo-therm Furnace). After protein assays, the protein efficiency ratio (PER) and nutrition protein utilization (NPU) values were calculated (Helland et al. 1996) . All data were subjected to one way analysis of variance (ANOVA) and means were separated by Duncan's multiple range test using SPSS software. Since the percentage data did not have a normal distribution, proportional data were converted by angular transformation (arcsin Öp). A significance level of 0.05 was used for data analysis.
Results
According to ANOVA analysis, there were no significant differences among experimental treatments in terms of CF, SR, PER (Table 2) , moisture, lipid, or protein percentage (Table 3 ) of the carcass throughout the 60 days of the experiment (P > 0.05). Significant differences were noted in the values of SGR, WG, and NPU among experimental treatments (Table 2, P < 0.05). Values of SGR, WG, PER, and NPU were similar between groups T1 and T3 (Table 2, P > 0.05), although their values were significantly higher than those of the other experimental treatments (P < 0.05). The FCR values were not statistically different between T1, T2, and T3, although this parameter was higher in T4 than in the other treatments ( Table 2 ). The highest values of carcass ash content were observed in T3 (Table 3, Table 2 Comparison of survival and growth parameters among experimental fish groups fed various quantities of silkworm pupae (T1 -52.5% FM; T2 -5% SP + 47.5% FM; T3 -10% SP+ 42.5% FM; T4 -15% SP + 37.5% FM)
Parameters
Group T1 Mean values in the same row with different letter indexes differ significantly statistically at a level of significance of P £ 0.05 Table 3 Comparison of meat quality parameters between experimental fish groups fed by various levels of silkworm pupae (T1: with 52.5% FM; T2: 5% SP + 47.5% FM; T3: 10 % SP+ 42.5% FM and T4: 15% SP + 37.5% FM) Mean values in the same row with different letter indexes differ significantly statistically at a level of significance of P £ 0.05 P < 0.05), while there were no significant differences among the other treatments (P > 0.05).
Discussion
In the present study, our results showed that 10% of FM can be replaced with SP without any adverse effects on FCR, SGR, WG, CF, or SR values. In contrast, the incorporation of more than 10% SP adversely reduced growth and increased the FCR. This clearly indicates that including SP in diets up to a quantity of 10% of FM can meet the essential requirements of rainbow trout for proper growth. It was found that SP has an appropriate ratio of essential amino acids, fatty acids, and other compounds required for growth, including antioxidants and vitamins (Kwon et al. 2012) . The analyses of the carcass reveal that partial replacement of FM with SP may compensate to some extent for the reduction of the FM and that such a feed might still meet the nutritional requirements of rainbow trout. The similar values of protein content, PER, and NPU among fish that were fed with only FM and those fed a diet containing up to 10% SP might confirm this conclusion. It is reported that the body lipid concentration of fish is positively related to the levels of dietary lipids and energy (Takeuchi et al. 1978 ). In our study, similar lipid levels were observed among experimental treatments, and this indicates that SP oil was probably incorporated into the fish body. Nevertheless, in other fish species, such as common carp, it was found that the short-chain unsaturated fatty acids of the SP fat were utilized for energy demands (Nandeesha et al. 1999) . The body ash content of rainbow trout was approximately similar among the experimental treatments, which indicates that SP had a neutral effect on meat quality. The moisture content of tissue is used mostly as an indicator of the nutritional condition of fish (Sargeut et al. 1989) . In starved fish, as the lipid content of body tissues is used to provide energy, the moisture content of tissue increases from the oxidation of lipids and the resultant production of water and carbon dioxide (Sargeut et al. 1989 ). An inverse relationship between moisture and fat is reported in several studies (De Silva et al. 1991) . In our study, the stable levels of body moisture among treatments could have stemmed from the fact that we did not examine any specimens from a starvation experiment.
In conclusion, our results indicate that SP can be incorporated into the diet for a period of 60 days even at quantities of up to 10% of FM without any adverse effect on the meat quality, growth, or survival of rainbow trout. However, a long-term trial is necessary to study long-term effects of SP on meat quality, growth, and survival.
